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It was first shown by Cooke and Spain (1)  that the sera of certain rabbits 
injected with egg white can sensitize human skin to  a  wheal and erythema 
type  of  reaction  indistinguishable  from  the  allergic  cutaneous  reaction  of 
naturally sensitive  asthma  and  hay fever  patients.  Rabbit  and  guinea pig 
anti-ragweed  sera  were  studied  similarly by  Caulfield,  Brown,  and  Waters 
(2),  Winkenwerder, Eagle, and Arbesman (3),  Sherman, Stull, and Hampton 
(4),  and Kulka and Hirsch  (5);  and Sherman, Cooke, Crepea, and Downing 
(6)  reported passive  transfer with sera  from rabbits  immunized with horse 
serum.  The first use of a  purified antigen in such studies was by Sherman, 
Menzel, and Seebohm (7)  who employed rabbit antisera to recrystallized egg 
albumin and were able  to confirm the earlier impression (3,  4)  that passive 
transfer was not related to the total precipitin content of the sensitizing anti- 
sera. They further demonstrated (7)  in three of their sera that serial absorp- 
tion  (8,  cf.  also  9-12)  of the  anti-Ea precipitins  to  leave  non-precipitating 
anti-Ea in solution did not diminish capacity for passive transfer, while in a 
single serum with weak sensitizing capacity all activity was lost when the total 
anti-Ea,  both precipitating and non-precipitating,  was  removed by a  single 
addition of antigen. 
General Plan 
The present study was undertaken to evaluate these findings further. If the report 
by Sherman et al. (7) could be confirmed, it was intended to estimate the minimum 
amount of non-precipitating  antibody required  to sensitize human skin passively, as 
has been done for passive anaphylaxis in the guinea pig (12). In addition, it was felt 
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necessary to evaluate the possible role of antigenic impurities, as recent studies (13- 
17)  have emphasized the extent to which impurities in purified protein preparations 
can function effectively in stimulating antibody production. It was hoped that ani- 
mals could be effectively immunized with antigen doses small enough to evoke mini- 
mal  antibody  production  to  antigenic  impurities.  In  the  earlier  studies  (13-17) 
conditions for immunization were so chosen that one would have expected a  maxi- 
mal response to impurities, either because of the use of the Freund adjuvant  (18) 
technic, as in reference 14, or because of the use of large quantities of antigen given 
over a brief (13) or a prolonged (16,  17) course. 
To obtain reliable analyses for traces of antibody to impurities in the presence of 
large quantities of antibody to the major antigen advantage was taken of a hitherto 
unapplied principle. This  involved utilizing the significant though  slight solubility 
of immune precipitates (8, 9, 26, 27 of. 28)  which allows one to work below the  solu- 
bility  levels  of  precipitating  systems  other  than  the  one  under  consideration. 
For example, in precipitating anticonalbumin from an anti-egg albumin serum the ad- 
dition of 1 #g. quantities of crystalline conalbumin (Ca) to 1.0 ml. of serum could be 
expected to provide simultaneously so little egg albumin (Ea)  as impurity that the 
amount of Ea-anti-Ea formed would be well below the solubility level for this anti- 
gen-antibody system, shown by Heidelberger and Kendall (8) to be about 4 to 5/zg. 
specific precipitate N/ml. (of. 28). Thus, even if the crystalline conalbumin contained 
as much  as 5 per cent egg albumin, the total quantity of Ea-anti-Ea specific pre- 
cipitate formed would be only about 1 to 1.5/zg. N. The failure of further precipi- 
tates to form after two or three conalbumin additions would indicate not only that 
very small amounts of anti-Ca were present, but also that at best negligible quan- 
tities of anti-Ea were contained in the Ca-anti-Ca precipitates. 
The agar diffusion method  (cf.  19-25)  for antibody analysis was used to provide 
a minimal estimate of the number of antibodies in a given antiserum. In this method, 
a  mixture of antigens is layered over antiserum diluted in agar. As the added anti- 
gens diffuse into  the agar, antibody to a  given antigen, if present, will be precipi- 
tated in a band. The different rates of diffusion of the various antigens is a function 
of their molecular size and  concentration, so that if antibodies to several of these 
antigens are present  separate bands  of precipitate may in  time appear,  each  fre- 
quently corresponding to a  single antigen-antibody system. 
The  results of  the  present  study  indicate  that  passive  transfer by  rabbit 
anti-Ea sera is dependent upon the presence in the sera of antibodies against 
egg white proteins other than Ea. 
Materials and Methods 
Anligen,.--The  four egg white proteins, egg albumin, conalbumin,  ovomucoid, and lyso- 
zyme can be prepared in highly purified  form  and together constitute over 90 per cent of 
the total protein of egg white.  Three times crystallized egg albumin (Ea) was prepared by 
the procedure  of Kekwick and Carman  (29). Conalbumin  (Ca), ovomucoid  (Ovo), and lyso- 
zyme (Lyso) were kindly provided by Dr. Robert C. Warner of New York University. The 
conalbumin  had been prepared as the crystalline iron complex  (30),  crystalline lysozyme 
had been  prepared by the method of Alderton and Fevold (31), and the ovomucoid  was ~'OHN H.  VAUGHAN  AND  ELVIN A.  KABAT  823 
the residue of an egg white fraction incoagulable by heat and precipitated only in fully satu- 
rated ammonium sulfate (32). 
Imn~unization  of  Animals.--Three  groups  of  rabbits  received  two  identical  1  month 
courses of immunization with three times crystallized egg albumin. The animals of group A 
were given the antigen intravenously as an alum precipitate (28),  1 nag. protein per mL of 
suspension. Group B  animals received a  solution of egg albumin intravenously (1 mg./ml.). 
The animals of group C were given alum-precipitated egg albumin intracutaneously, 10 mg. 
protein/mi, being used to provide volumes small enough for intracutaneous injection. Injec- 
tions were  given on successive days  four  times each week,  each  rabbit receiving 0.5  rag. 
protein per injection during the 1st week,  1.0 nag. the 2nd week,  1.5 nag. the 3rd week, and 
2.0 nag. the 4th week, for a  total of 20 mg. per rabbit per course. On the 5th, 6th, and 7th 
days after the last injection, all animals were bled aseptically from the heart; the sera from 
each 3  days'  collection from a  given rabbit were combined, preserved with 0.25  per cent 
phenol and 1:10,000 merthiolate, and stored in the refrigerator. The animals and their sera 
were numbered consecutively, subscripts being used to denote the respective bleedings. 
Antibody  Determination,  s.--The quantitative precipitin technic of Heidelberger and Ken- 
dall  (8  and cf.  28)  was  used  throughout,  a  modified Pregi  micro-Kjeldahi method for N 
analysis (28)  being used with quantities of precipitate from 0.2 rag. to 1.0 mg. N, the Mark- 
ham modification (33, of. 28) for analyses below 0.2 rag. N. Precipitates to be analyzed by 
the modified Pregl micro-Kjeldahl method were incubated at 37°C.  for 1 hour followed by 
48 hours' refrigeration before washing; precipitates to be analyzed on the Markham scale 
were incubated 1 hour at 37°C. and refrigerated 1 week before washing. 
Determinations of  antibody against  antigen impurities were  carried  out  by  adding in 
0.2 ml.  volumes 1 #g.  quantities of protein to 0.5  or 1.0 ml. portions of serum, incubating 
1 hour at 37°C., and 1 week in the refrigerator. The predpitates were then washed and ana- 
lyzed and second 1/~g. portions of antigen were added to 0.5 or 1.0 ml., respectively, of the 
supernatants.  This  process  was  repeated  until  no  further  precipitation  occurred;  serum 
blanks were run throughout. Two such additions of a  given trace antigen were invariably 
found to remove all antibody N  precipitable by it from anti-Ea sera. 
Skin  Testing.--Medical  students  with  no  allergic  history  were  employed  for  passive 
transfer studies. During the period of study and for 24 hours prior to the sensitizing injec- 
tions, all subjects avoided eggs and egg-rich foods (7), in order to minimize possible inter- 
ference with the  sensitized sites by ingested egg proteins. No  individual was  tested  more 
than once. An initial skin test with 0.01 to 0.02 ml. 1:10 rabbit serum (34) was used to elim- 
inate all subjects who might be allergic to rabbit serum. If this was negative after 15 min- 
utes, the test sites containing 0.05 ml. of antiserum were immediately placed on the back, 
usually 20 to 30 in number. At 48 hours, after preliminary tests had shown the antigens to 
be negative in control sites, the sensitized sites were injected with 0.01 to 0.02 ml. of antigen, 
generally in a  concentration of 1 mg. N/ml. The reactions were read after 15 to 20 minutes, 
the size of the wheal and flare each being measured in two directions and recorded in milli- 
meters. Reactions having a wheal of 5 ram. or less in average diameter were considered nega- 
tive, those 6 to 9  mm. were recorded as +, 9  to  12 mm. as ++,  12 to 15 mm. as +++, 
and  over 15  mm.  as  ++++.  In addition a  =k was  often used  (e.g.  ++4-)  to indicate 
smaUer but  definite  differences in degree of  reaction among sites in titration  series.  Also 
when the erythema surrounding the wheal was disproportionately small or large (i.e.  when 
the diameter of the wheal plus the flare was less than twice the diameter of the wheal alone, 
or when the wheal and flare were together over three and a  half times the diameter of the 
wheal sdone) a  4- was subtracted from or added to the value given to the wheal in order to 
describe more accurately the total reaction. 
Agar  Diffusion  Studies.--(cf.  14,  19--21, 25)  Sterile glassware  and  solutions were  used 824  SENSITIZATION OF  SKIN BY ANTIBODIES IN ANTISERA 
throughout. Difco bacto-agar was prepared as a 1 per cent solution in saline, 1 gm. of agar 
being weighed out and dissolved in 100 ml. of boiling saline containing 1:10,000 merthio- 
late. This was cooled to 40-50°C. and used directly. Serial twofold dilutions of the serum to 
be examined were made in saline  1 and warmed to 37°C. in the water bath along with dif- 
fusion tubes  ~ precoated with agar. Equal volumes of the individual serum dilutions and the 
agar were throughly  mixed and the mixtures poured into the diffusion tubes. These were 
kept at 37°C. for a few minutes to allow as much as possible of the serum-agar mixture to 
drain off the walls of the upper part of the tube and then transferred to the refrigerator to 
allow the agar to harden. After 2 to 3 hours the desired antigen solution was placed on top 
of the agar. The tubes were placed in a cupboard at room temperature,  the antigen being 
overlayed with 2 to 3 drops of toluene and the tubes capped to prevent contamination and 
evaporation. The tubes were examined the next day and generally again on the 2nd, 4th, 
7th, and 12th days after preparation. Lines of precipitation were recorded by their distance 
of migration from the agar-antigen interface. A rough estimate of the amount of antibody 
involved in each precipitin reaction could be made by noting the highest serum dilution at 
which the respective line was seen. The term "serum dilution" designates the dilution of the 
serum prior to mixing with agar. Correlative studies with rabbit sera of known anti-egg al- 
bumin and anti-gamma globulin contents have demonstrated that the limit of reliable visi- 
bility of a given precipitating hand is at 5 to 10 #g. AbN/ml., depending upon various fac- 
tors such as rate of migration (the slowest moving lines being most dense), and the presence 
or absence of heavy precipitates which may partially or wholly obscure fainter lines. 
RESULTS 
Antibodies  in Anti-Egg Albumin Sera.--In Table I  are presented the results 
of  antibody analyses on  the  antisera from  the  three  groups  of  rabbits  im- 
munized with identical quantities of egg albumin by different methods.  It is 
apparent that  the  anti-Ea response was  greatest  in the  animals of group  A 
which  received  alum-precipitated Ea  intravenously (cf.  35)  and  poorest  in 
the group C animals, which were given alum-precipitated Ea intracutaneously; 
the sera of the group B  animals which received a  solution of Ea intravenously 
showed  intermediate antibody responses.  After  a  2nd month of  immuniza- 
tion,  the  median  anti-Ea  levels  were  approximately  tripled  in  all  three 
groups, the medians for  group A  animals rising from 0.258-0.292 rag. AbN/ 
ml. to 0.800 rag. AbN/ml., the group B  animals from 0.080--0.093 mg.  AbN/ 
mh to 0.264 mg.  AbN/ml., and the  group  C  animals from 0.048  mg.  AbN/ 
ml.  to 0.160 mg. AbN/mh 
Of the traces of antibodies to conalbumin, ovomucoid, and lysozyme deter- 
mined by the  method described,  only anti-Ca appeared  with  any degree  of 
regularity in the anti-Ea sera (cf. reference 47). 
Whenever whole egg white was used as the diffusing antigen,  serum dilutions higher 
than 1:4 were made in a solution containing 3 parts of saline to 1 part of normal pooled 
rabbit serum  to prevent a  non-specific interface  reaction  that  occurs after  several days 
when whole egg white solutions diffuse into agar in saline. A similar phenomenon was noted 
with crystalline lysozyme but did not occur with any of the other purified proteins. 
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Significant  anti-Ca values (i.e. those greater than 0.004 rag.  specific precipitate N/ml.) 
appeared in all but one  of the group A  sera and median values for the first  and  second 
courses  were  0.007 rag.  specific precipitate N/ml. and 0.011-0.012  rag.  specific precipitate 
N/ml. respectively. The anti-Ca levels were somewhat  lower in the group C sera, with 6 of 
12 sere in the first course showing significant anti-Ca and the median value being 0.005 rag. 
specific precipitate N/ml. while 8 of 9 in the second course showed significant anti-Ca, the 
median value being 0.009 rag. specific precipitate N/ml. In the group B  sera, on the other 
hand, there was little anti-Ca response during the first course, only 3 of 10 sera showing sig- 
nificant anti-Ca, but after the second course increased anti-Ca levels were found,  7 of 8 sera 
having  significant  anti-Ca  levels  and  the  median values  being 0.017-0.018  rag.  specific 
precipitate N/ml. 
Five rabbits produced over 4/~g. specific precipitate N  to lysozyme and two 
showed significant responses to ovomucoid; none of these occurred in group C. 
That  antibodies  to  egg  white  proteins  other  than  anti-Ea,  anti-Ca,  anti- 
Ovo, or anti-Lyso were present in some of the rabbit antisera was indicated by 
the  agar  diffusion studies,  which  often  showed  a  greater  number  of precipi- 
tating  bands  than  could  be  accounted  for  on  the  basis  of  these  antibodies 
alone. 
In the first course  group A  sera, for  instance, there were  five  sera (R1681.3, R1731.3, 
R1741-3, R1751.3, and R1771.8) which exhibited three agar diffusion bands each, but in which 
only anti-Ea and anti-Ca were found by the quantitative precipitin analyses (Table I A). 
An especially striking finding  was the appearance in many sera of a  band  moving  more 
slowly than the Ea-anti-Ea band and not corresponding  to anti-Ca, anti-Ovo, or anti-Lyso, 
since in the several instances in which these antibodies were absorbed bands moving faster 
than this band were removed. Similarly when the concentrations of Ca, Lyso, or Ovo in the 
diffusing antigen were increased,  the speed  of travel only of faster moving  bands was in- 
creased (footnotes  Tables I A  and I B). In the first course  sera this band was detectable 
regularly only in group B, in which it also was present in higher dilutions than in the other 
two groups. Mter the second course it was detectable in all animals of all groups. 
Passive  Transfer  by Anti-Egg  Albumin  Sera.--Sera  obtained  after a  single 
course  of  immunization  were  either  incapable  of  sensitizing human  skin  as 
tested with crystalline Ea, or could do so only poorly (Table I). Mter a  second 
course,  however,  there  was  a  distinct  increase  in  the  reactivity of  the  sera 
and  a  number  of quite strong sera (e.g. R1784+5,  R182,,  R1834  and  R187,_6) 
were obtained with which positive passive transfer by crystalline Ea could be 
induced  in  all  test  subjects.  This  increased  reactivity with  prolongation  of 
immunization  was  particularly  well  illustrated  in  recipient  T.A.,  who  was 
given parallel injections of the first and  second  course  sera  of  rabbits R168 
R169,  R170,  R172,  and R174  (Table I  A), and whose average reaction to the 
second  course  sera  was  one  plus  greater  than  that  to  the  first  course  sera. 
This  person  appeared  extremely  susceptible  to  sensitization,  and  his  wheal 
and erythema responses with these sera were  of greater intensity than  those 
shown  by  other  individuals  tested.  Such  variability in  the  susceptibility of 
different subjects to sensitization with the same antisera is in keeping with the 826  SENSITIZATION O1~ SKIN BY  ANTIBODIES IN ANTISERA 
TABLE I A 
Antibody N  Content and Passive Transfer Activity of the Sera of Rabbits of Group A  Given 
Alum-Precipitated Egg Albumin Intravenously 
Rabbit 
No. 
Antibody  contents 
I 
r 
Anti-  Anti-  Anti-  Anti- 
Ea  Ca  Lyso  Ovo 
Bands pptd. 
by d/ffusion 
of EW 
(0.818  rag.  pro- 
tein  N/ml.) 
• throu~[h 
Increasing 
dilutions of 
serum in agar 
Intensity of wheal and erythema reaction elicited 
by injection of 10/z g. antigen N  into skin sites 
sensitized 48 hrs. previously with 0.05  ml. of 
undduted  serum 
Variation in the reaction elicited 
by Ea in several subjects: 
Comparison 
of the 
abilities of 
Ea and EW 
to elicit 
reactions 
in duplicate 
sites in 
single 
indlvlduals: 
R.H.W.M.J.Y.  !H.G.S.K.T.A.  Ea  EW 
ablV'~g'/  =g'*P"  mg.se.  =g.sp 
ml. 
R167a-s  0.500  0.011  0.006  0.001  2,:>16,2"  --  -- 
R16&-4  0.196  0.011  0.0OI  0.002  2,16,1  --  --  -4-  -- 
R169t-t  0.356  0.009  0.000  0.0O0  :>16,2  --  --  +4-  4-  .4:: 
R1701.4  0.090  0.004  0.000  0.002  2,8,1  --  -- 
First course  Rl7h+:  0.730  1,:>16,1  --  -- 
R172:t-4  0.244  0.007  0.000  0.000  2,:>16,2  --  --  -I-::t:  , --  -- 
Z0mg. alum  R1731-4  0.159  0.008  0.001  0.002  2,$,2  --  -- 
pptd.  Ea i.v.  R174t-4  0.117  0.005  0.0o0  0.000  2,16,1  -- 
R175x-m  ~ 0.258  0.009  0.001  0.001  2,:>16,2  --  ~  +4-  "1--t--4- 
R1761  0.434  0.005  0.003  0.002  :>16,1  --  -- 
R1771-t  0.292  0.006  0.002  0.002  1,:>16,1 
R178~-,  1.04  0.007  0.000  0.000  :>16,2  -~  --  ~-  -}--{- 
Medians..  0.007  0.001  0.001 
R1684-e 
R169t-e 
R1704-6 
Second course  R171*-e 
R1724-e 
20 m6. alum  R1734-e 
pptd. Ea i.v.  R174~-e 
R177~.e 
R1784+s 
Medians. 
0.258- 
0.292 
0.442  0.008  0,000  0.00O  4,:>16,1,1 
0. 852  0.014  0.001  0.0O0  4,128,4 
0.556  0.004  0.000  0.000  16,:>16,2,2 
0.956  0.011  0.000  0.003  5,:>16,2½ 
0.580  0.009  0.001  0.000  8,:>16,1,4 
0.838  0.013  0.000  0.000  16,:>16,1,2,8 
0.800  8,:>16,1,1 
0.517  0.012  0.000  0.000  4,:>16,1,1 
1.89  0. 030  0. 008  0. 000  8,:> 16,2,4~,2§ 
0.800  0.011-  0.000  0.000 
0.012 
G.G.P.M. 
+  +  ++ 
-4-  ~ 
-~  +  "I'± 
--  +  ÷ 
+  +  + 
+  i-  + 
-I-+  +  -~  +n 
J.D.  E.G.  T.A, 
+± 
+ 
++~ 
+± 
"Each number represents the relative intensity of a single band and is the reciprocal of the highest serum dilution at which the band 
could be seen. The slower moving bands appear to the left. The Ea--anti-Ea band is in bold-face type. 
Band shown to represent  Ca-anti-Ca,  both by its disappearance  when anti-Ca was completely  removed by absorption and by its 
more rapid migration when the concentration  of conalbumin in the overlying antigen mixture was increased. 
§ Band shown to represent Lyso--anti-Lyso both by its disappearance when the anti-Lyso was completely removed by absorption and 
by its more rapid migration when the concentration  of ]ysozyme in the overlying antigen mixture was increased. 
|  Reactions elicited by 0.1 ~tg. antigen N  in sites sensitized with serum diluted as indicated in Table III. JOHN  H.  VAUGHAN AND  ELVIN  A.  KABAT  827 
TABLE  I B 
Antibody  N  Content and Passive Transfer Activity of the Sera of Rabbits of Group B  Ginen 
a Solution  of Egg Albumin Intravenously 
! 
I 
Rabbit 
No. 
i 
Antibody contents 
Anti-  Anti-  Anti-  Anti- 
Ea  Ca  Lyso  Ovo 
Bands pptd. by 
diffusion of EW 
(0.818 rag. pro- 
tein N/ml.) 
• through 
increasing 
dilutions  of 
serum m agar 
rag.  mg.sp,  mg.sp, mg.sp, 
Nlml. 
R1791-4  0.073  0.007  0.001 0.001  4,$* 
First course  R180s-,  0.020  0.001  0.000  0.001  2,3 
[R182x-a  0.050  0.000  0.003  0.002  8,4,1 
20 mg. Ea  R183~-~ 0.080  L000  0.002  0.001  32,8 
solution  R185s4  0.117  3.000  0.002  0.001  4,>16 
i.v.  R186s.-*  0.093  3.002  0.004  0.002  4,t6 
g187s-,  0.112  3.003  0.000  0.000  4,16 
R1881-1  0.384  ~).009  0.002 0.003  8,)16,1 
R190:t~  0.003  3.000  0.003 0.000  8,0 
R2031~  0.210  L008  0.00C 0.000  8,16,1 
Medians..  }.080-  0.001-  0.002 0.001 
0.093  0.002 
Intensity of wheal  and erythema reaction 
elicited  b~ injection of I0 ~g. antigen N 
into skin sltes sensitized  48 hrs. previously 
with 0.05 mL of undiluted serum 
R, 
H. 
I Comparison  of the 
Variation in the  abilities of Ea and 
reaction elicited  EW to elicit reac- 
by Ea in several  tions in duplicate 
subjects:  sites in single 
individuals: 
IR1791+l  3.139 0.021  0.000  0.004  16,~16,2,1 
]R1804-6  3.029 0.006  0.000  0.003  8,4 
Second course R1824  0.286 0.033  0.015  0.003  32,|3,4,4 
R1834  0.430 0.035  0.011  0.002  32,~,4~,2§ 
20rag. Ea  R1851  ~.550 0.014  0.005 0.009  16,~¶,2~,2§ 
solution  R1864.s 0.12~  0.003  0.000 16,~10,1 
i.v.  R187~-6  0.264  0.017  0.004  0.002  8,32,2** 
R188~-6  0.428 0.018  0.000  0.005  16,~16,2"* 
R190#-I  ~.004  0.000  0.000  0.000  4,0,1 
Medians  0.26,1 0.017- 0.003 0.003 
0.018 
H  I  Ea  EW   iol 
i 
i  E  i 
__1  _  i_ 
+±  +++ 
R.  J.  R.  P. 
G.  M.  D.  G.  A. 
+++  +++U  ++++l 
+±  ±11  ++R 
+±  +H  ++±g 
±  ~  ±  +± 
*, $, §, ~ See explanations in Table I A. 
¶  Ovo-anti-Ovo band was shown  to be obscured in the heavy Ea-anti-Ea band by noting the comparable 
rates of migration of Ea-anti-Ea when EW was used as the diffusing antigen and of Ovo-Anti-Ovo  when puri- 
fled ovomucoid in a concentration similar to that of ovomacoid in EW (14 per cent) (el. (46)) of 0.818 rag. N/ml.) 
was used as the diffusing antigen. 
** Band shown to be Ca-anti-Ca by its more rapid migration when the concentration of conalbumin in the 
overlying antigen mixture was increased. No attempt was made in these instances to demonstrate the effect of 
anti-Ca absorption. 
similar experience of others  in passive transfer studies using antisera of both 
animal (1-7)  and human  (36)  origin. 
In agreement with the findings of Sherman d  aL  (7),  no correlation could be found be- 
tween sensitizing ability and anti-Ea content, nor was there a correlation between sensitiz- 828  SENSITIZATION  OF  SKIN  BY  ANTIBODIES  IN  ANTISERA 
TABLE  I C 
Antibody N  Content and Passive Transfer Activity of tke Sera of Rabbits in Group C Given 
Alum-Precip#ated  Egg Albumin Intracutaneously 
Antibody contents 
I  by dlttusion 
of EW 
(0.818 rag. 
Rabbit  protein N mL) 
No.  . through 
In  creasing 
Anti-  Anti-  Anti-  Anti-  dilutions  of 
Ea  Ca  Lyso  Ovo  serum in agar 
i  rag.  rag.sp, rag. sp. rag. sp. 
:  AbN/  ppt.  ppt.  ~PL 
ral.  N/raL  N/ral.  N/ral. 
R1911-4  0.048  0.004  0J;  0  2,8,2* 
R1921-s  0.045  0.006  0  0  2,4 
R193~-4  0.029  0.010  0  0  4,2 
First course~R1941-4  0.070  0.004  0  0  1,8 
R195t~  0.078  0.008  0  0  4,S,1 
20 mg. alum R1971-4  0.186  0.007  0  0  4,>16,2 
pptd. Ea  R199s-s  0.034  0.002  0  0  2,4 
i.e.  R200x+s  0.063  0.006  0  0  2,4,1 
R20h+s  0.025  0.002  0  0.002  4,1 
R2021.4  0.198  0.004  0.000  0  1,>16,2 
R2041-s  0.027  0.005  0.000  0.000  8,2,1 
Medians..  0.048  0.005  0.000  i 0.000 
Intensity of wheal and erythema reac- 
tion elicited by injection of 10 ~g. 
antigen N into skin sites sensitized 
48 hrs. previously with 0.05 ml. 
of  undiluted serum 
Variation in the 
reaction elicited 
by Ea in several 
subjects: 
Comparison 
of the 
abilities of 
Ea and EW 
to elicit 
reactions in 
duplicate 
sites in 
single 
individuals 
R.H.W.M.J.Y--  H.G.  Ea I 
i 
G,G.  P.M.  J.I).  R.G. 
IRI91t-s  0.013  0.000  0.000  -4-  :l:  0.250  8,~16,2,1 
R1924-e  0.021  0.007  0  0  4,  4,1  -- 
Second  R193~-e  0.160  0.005  0  0  16,4,16,2  --  -4- 
course  R1944+~  0.414  0.011  0  0  8,>16,4  -- 
RlP54-e  0.124  0.002  0  0  8,>16,1 
20 rag. alum R197t  0.514  0.011  0.002  0  8,>16,4,1  -4-  4- 
pptd. Ea  R1994-e  0.153  0.014  0.001  0  8j~>16,2,1  ~  :l: 
i.c.  R202t-~  0.502  0.009  0  0  8,>16,1,2  :t: 
R204t-,  0.160  0.009  0  0  16,8,16,2  ÷ 
t 
i 
Medians  .....  0.160  0.009  0.000  0.000  [ 
I 
EW 
-I- 
-4-  + 
+  ÷ 
d= 
i+  + 
÷+'+++~ 
~:  +± 
* See explanation in Table I A. 
The number 0 is used to indicate those instances in which no Kjeldahl analysis was done, when no pre- 
cipitate was demonstrable after a week's incubation and one hour's centrifugation. In all other instances, analy- 
ses were performed whether precipitates could be seen or not. 
ing ability and anti-Ca, anti-Ovo, or anti-Lyso. It is apparent,  for instance, that among the 
three groups there were antisera with large amounts of anti-Ea and no passive transfer (e.g. 
R1671.a)  and  other antisera with excellent passive transfer and less anti-Ea  (e.g.  R1824 and 
R1874-6).  Similarly, R1824 and R1834 with almost identical contents,  respectively, of anti-Ca 
and  anti-Lyso  showed  distinctly different degrees of  passive transfer.  Neither of  these had JOHN H.  VAUGHAN  AND ELVIN A. KABAT  829 
any precipitable anti-Ovo, while on the other hand R1854 with little passive transfer, had a 
significant amount. That there was no correlation of sensitization with serum content of the 
antibody responsible for the slow moving band in agar diffusion was indicated  by the  nu- 
merous marked discrepancies (e.g. ¢f.  Table I B,  R1831.a, R182~, and R1834) between the 
transfer capacities of the sera and their contents of this antibody, as indicated by the agar 
diffusion analyses. 
The sera of the group C  animals,  which  had the poorest over-all antibody 
response, were least reactive in passive transfer,  while the most reactive sera 
were found in the second course of group B. The group A  sera derived from 
animals  given alum-precipitated  Ea  intravenously  were  of intermediate  ac- 
tivity. This is in contrast to the finding of Sherman et al. (7) who noted that, 
in animals immunized subcutaneously with a larger dosage schedule than that 
used  in  this  study,  alum-precipitated  egg albumin  provided  sera  invariably 
TABLE II 
Ability of Various Egg White Proteins to Elicit Wheal and Erythema Reactions in Skin 
Sites Identically Sensitized with Anti-Egg Albumin Serum R183, 
Sensitization: identical sites, 0.05 ml. of 1:6 RlS3t  Amount of protein 
injected 
EW  Ea  Ca  Ovo  Lyso 
~g.N 
0.I 
0.01 
0.~1 
0.0001 
0.00001 
0.0~01 
++ 
+4- 
+ 
4- 
4-  ++ 
++ 
+4- 
+ 
-4--- 
-[-q- 
+4- 
+ 
+ 
+ 
-4- 
positive  in  passive  transfer,  while  egg  albumin  in  solution  gave  sera  with 
questionable or absent passive transfer. 
Activity of Egg White Proteins Other Than Egg Albumin in Eliciting Positire 
Responses in Skin Sites Sensitized with Anti-Egg Albumin Sera.--When whole 
egg white  (EW)  was used to stimulate skin sites prepared with anti-Ea, sera 
(Table I), it became apparent that with those sere which showed positive pas- 
sive transfer with egg albumin, EW generally was even more potent in eliciting 
the  skin reaction,  and  that  EW usually failed to elicit positive responses in 
sites injected with sera that were negative with Ea. Crystalline conalbumin in 
most  instances  gave  reactions  that  parallelled  those  given  by  EW,  being 
more potent  than Ea with most sera; but  in infrequent  cases  (Table III) it 
was less potent. Ovomucoid and lysozyme also were capable of eliciting wheal 
and flare responses in some instances. Tables II and III show the patterns of 
response with these four purified egg white proteins and with whole egg white. 
Two of the sera studied  in Table III were supplied through  the kindness  of 830  SENSITIZATION  OF SKIN  BY ANTIBODIES  IN ANTISERA 
Dr. Sherman from his group of active anti-Ea rabbit antisera (7). With R203t+2, 
R1824,  R1834,  and  R132,  cormlbumin,  ovomucoid,  and  EW  were  the  most 
potent antigens; conalbumin was more potent than Ea,  and ovomucoid more 
potent than lysozyme. With R178~+5  and R135  whole egg white surpassed all 
other antigens in potency,  and the conalbumin-egg-albumin and ovomucoid- 
lysozyme relationships were  reversed.  The  pattern  in  R187~e  differed from 
TABLE III 
Ability of Various Egg White Proteins to Elicit Wheal and Erythema Razctions in Skin 
Sites Sensitized with Different Anti-Egg  Albumin Sera 
Minimum quantity  of protein  N required to elicit  a positive 
Serum  (+) reaction  in sites sensitized  with 0.05 ml. serum  No. of 
p~rsons 
tested 
No.  Dilution  EW  Ea  Ca  Ovo  Lyso 
R203~+2 
R182~ 
R183~ 
R132~; 
R178~+6 
R135~ 
R187~-6 
1:2 
1:10 
1:6 
1:5 
1:3 
1:5 
1:5 
#g. 
0.001 
0.0001 
0.001 
0.001 
0.01 
0.01 
0.001 
~g. 
0.1 
0.001 
>0.1 
0.1 
1.0 
1.0 
0.1 
~g. 
0.001 
0.0001 
0.0001 
0.001 
>1.0 
>1.0 
0.001 
#g. 
1.0 
0.001 
0.0001 
0.001 
>1.0 
>I.0 
0.001 
~g, 
>1.0 
0.1 
0.1 
1.0 
>1.0§ 
0.1 
0.0001 
2 
2* 
1 
1 
3 
1" 
2* 
Table III represents a condensed summary of the end-points of titrafions carried out for 
each serum as indicated in Table II. The values given are those of tests done in one individual 
at one time. When repeated in another individual (of. last column), the values varied slightly, 
but never with significant change in the relative potencies of the various antigens. 
* In each of these instances, an additional person not indicated in this column was tested 
with EW, Ea, and Ca but not with Ovo or Lyso. The results conformed  to those shown 
above. 
Sera supplied by Dr. W. B. Sherman (7). 
§ In sites sensitized with undiluted R178,+~, 1.0 ug. of lysozyme N  eticits a positive reac- 
tion, whereas the same amount of ovomucoid fails to do so. 
either of  these  two  and  may  be  considered either  a  mixture  of  the  systems 
operative in the other groups or may represent an entirely distinct third system. 
Effect of Antibody Absorption on Passive Transfer.--In  Table IV is presented 
the effect on passive transfer of removal of anti-Ea from R1824. The supemates 
of precipitation of 83, 97, and 100 per cent of the anti-Ea of this serum showed 
no detectable reduction in activity. The slight overlapping of the supernatant 
tests for excess antigen or antibody correlates with the agar diffusion demon- 
stration of multiple antibodies in this serum (cf. Table I  B). 
In the same serum,  it was also possible to demonstrate that the supernate 
after  the  removal  of  all  precipitable anti-Ca  and  anti-Lyso failed  to  show JOHN  H.  VAUGHAN  AND  ELVIN  A.  KABAT  831 
detectable reduction in passive transfer  (Table V);  this serum contained no 
precipitable  anti-Ovo.  Similar absorption studies  with  R1834,  R1874_e, and 
R135 have yielded comparable results. It is particularly important to note that 
in  R1834  and  R187~_6, in  which  Ca  and Lyso respectively had been shown 
(Tables II and III) to be more potent than EW in eliciting the reaction, there 
was no reduction in passive transfer after the addition of sufficient amounts of 
these  respective antigens  to  remove  their  precipitins  from  the  sets.  These 
results are included in Table V. 
TABLE IV 
Passive Transfer Activity of Serum R1824 after Removal of Varying Amounts of Anti-Egg 
Albumin 
Ea added to 
0.5 ml. of 
R1824 
t.,g.N 
0.0 
4.0 
8.0 
12.0 
16.0 
20.0 
Total N 
pptd. 
~g.N 
0.0 
55.6 
97 
130 
154 
163 
AbN 
pptd. 
ug.N 
0.0 
51.6 
89 
118 
138 
143 
Supernate 
test for 
excess 
Ab  An 
++  o  +++  o 
4- 
4- 
Intensity of  the wheal and flare reactions elicited 
by lO#g. EaN* in sites sensitized with 0.05 
ml. of the serum or supernate diluted 
with respect to the original serum 
1:25  1:125 
+-4-* 
++± 
++4- 
++4-* 
+:t: 
++ 
1:62.___~5 
4- 
+ 
4- 
1:5 
+++ 
+++ 
++± 
++± 
1:3125 
D 
m 
* Dr.  A.  M.  Pappenheimer, Jr., suggested  that  because of the large amount of antigen 
(10 t~g. EaN)  used in eliciting the skin  reactions in this experiment the possibility had not 
been excluded that anti-Ea was skin-sensitizing, since loss of anti-Ea activity in the absorbed 
serum may have been masked by the presence of other skin-sensitizing antibodies reacting 
with their respective antigens present as impurities in the Ea. This possibility was excluded 
using another test subject in whom decreasing amounts of Ea were used to elicit reactions 
in sites sensitized with 1:25 dilutions of the original serum and of the serum completely ab- 
sorbed of anti-Ea. The reactions were identical through the decreasing amounts of Ea and 
the end-point in each instance was at 0.03 ~g. EaN. 
Demonstration of Multiple Antigens in Crystalline Egg Albumin.--The  use of 
whole egg white instead of Ea for eliciting the skin reactions in Table V and in 
some of those to follow has been a  convenience adopted in order to allow use 
of smaller  amounts of rabbit  serum  in  the passive  transfer studies.  It  was 
felt that,  since total absorption of anti-Ea from several sera  (Table II) had 
not impaired passive transfer and since Ea was a  relatively inefficient antigen 
in eliciting the skin response (Table III), the passive transfer was not effected 
by the Ea-anti-Ea system. In such a case, the greater efficiency of EW as the 
antigen for the skin reaction can be understood as a consequence of the higher 
concentration of other EW proteins in egg white than in the crystalline Ea 
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TABLE V 
Influence of Antibody Absorption on Sensitizing Ability 
R1824 
Dilutions with re- 
spect  to  un- 
treated serum 
1:50 
1:250 
1:1250 
R183,** 
Dilutions with re- 
spect  to  un- 
treated serum 
Reactions elicited  by I0 ~g. EW protein N  in sites sensitized  with 0.05 
ml. of  variously adsorbed sets 
Unab- 
mrbed 
Unab- 
mrbed 
1:20  I++ 
1:1001+ 
1:500  .4_ 
1:2500  -- 
Supemate from pptn. of 
143 gg. anti EaN from 
0.5 ml. R182t with 
20 pg. EaN 
(el. Table IV) 
++ 
+ 
Supemate from 2 suc- 
cessive 1 ~g. additions 
of CaN to 0.5 ml. 
R182t; 16.3  ~g. sp. ppt. 
N from 1st Ca ad- 
dition, no further pptn. 
after 2nd addition 
++ 
+ 
Supernate 
from 2 suc- 
cessive I ~g. 
additions of 
CaN to 0.5 
mL  R1834; 
17.9 ttg. sp. 
ppt. N from 
1st addition, 
none from 
2nd 
++ 
++ 
+ 
R1874.4 
Dilutions  1: 5 
with re-  1:15 
spect to  1:45 
untreated  1:135 
serum 
Unab. 
sorbe< 
++ 
++ 
Supernate from 
successive ad- 
ditions of I ug. 
Ovo N and 
Iug. Lyso N to 
1.0 mL R1824; 
no pptn. after 
Ovo addition, 
15.1 9g. sp. 
ppt. Nafter 
Lyso addition 
++ 
+ 
Supernate from 
successive 1.0 ug 
additions of Ovo 
N  and Lyso N 
to 1.0 ml. 
R187~ neither 
addition yield- 
ing a measur- 
able amount 
of ppt. 
++ 
++ 
+.4- 
+ 
* Reactions elicited with 1.0 pg. EW protein N. 
TABLE VI 
Bands Precipitated in Anti-Egg White Antiserum R2334  from Which Ang-Egg Albumin 
Had Been Previously Absorbed by Two Successive Egg Albumin Additions 
Diffusing antigen  No. of bands 
13 rag. Ea N/ml. 
1.3  "  "/" 
0.013  "  "/" 
0.818 mg. EW protein N/ml. 
As a  direct demonstration of these egg white impurities in crystalline Ea, 
increasing concentrations  of Ea were allowed to diffuse through an anti-EW 
serum from which all anti-Ea had been absorbed by two  small Ea additions. 
When  sufficiently  large  concentrations  of  Ea  were  used,  almost  as  many ~'OHN  H.  VAUGHAN  AND  ELVIN  A.  KABAT  833 
bands  were  seen  (Table VI)  as when  whole  egg white was  used  as diffusing 
antigen. None of these bands, however, nor any of those described in Table I, 
necessarily represent  antigen-antibody  systems  operative  in  the  wheal  and 
erythema skin reactions, for it has been shown  (14, 21)  that in agar diffusion 
studies antigen-antibody systems may exist wbich are not visualized as bands 
TABLE VII 
Neutralization of Passive Transfer by R183~ with Excess A ntigen 
Reactions elicited by 10/~g. EW protein  N  in sites sensitized with 0.05 ml of variously 
absorbed  and neutralized preparations  diluted 1:6 with respect to untreated R1834 
Serum and egg albumin  Serum and eonalbumin  Serum and ovomucoid 
Specific  anti- 
body pptns.* 
Antigen addition 
per ml. R183~ 
Further  anti- 
gen additions 
to supernates 
from  above 
specific  anti- 
body pptns.:~ 
50  p~g. EaN, 
which  pptd. 
all  anti-Ea 
at  point  of 
maximum 
precipitation 
75 ~g. EaN 
750  "  " 
7500  .... 
Inten- 
sity of 
wheal 
and er- 
ythema 
++-4- 
Inten- 
Antigen addition  sity of  wheal  per ml. R183,  and er- 
I  ythema 
2 successive 1.0 ] -b-b 
t~g. additions ! 
of  CaN,  I 
which  pptd.  I 
20  ug.  spe- 
cific ppt.  N 
29 ~g. CaN  +q- 
290  ....  §  + 
2900  ....  § 
Ioten- 
Antigen addition  sity of  wheal  per ml. R1834  and er- 
ythema 
A  single  1 ~g.  -k-F 
addition  of 
Ovo  N, 
which  failed 
to produce a 
specific ppt. 
20 ~g. Ovo N  q-+ 
200  "  "  "  +q- 
2000  ......  -k 
* Serum-antigen mixtures incubated 2 to 7 days to develop maximal precipitation, then 
centrifuged; the supernate was stored 1 to 2 months before  use. 
:~ Supernate-antigen mixtures incubated 1 to 2 hours prior to use as sensitizing agents. 
§ When EW instead of Ca was used to neutralize the passive transfer capacity of the super- 
natant from the specific precipitation of anti-Ca it was found that 200 ~g. EW protein N/nil. 
reduced the passive transfer to q- and that 2400 ug.  EW protein N/mL reduced it to a com- 
plete negative. 
either  because  no  band  is  formed  for  quantitative  reasons,  such  as  an  in- 
sufficient concentration of either the antigen or antibody or both, or because 
two or more bands are superimposed on one another. 
Neutralization  of Passive  Transfer.--Although  the  addition of just enough 
antigen to remove all of a  specific antibody from a  serum is not attended by a 
reduction in passive transfer capacity (Table V), it is possible to effect such a 
reduction  by  the  use  of  considerably higher  antigen  concentrations,  adding 
the larger amounts of antigen to the absorbed antiserum prior to the sensitiz- 834  SENSITIZATION OF  SKIN  BY  ANTIBODIES  IN  ANTISERA 
ing injections. This is illustrated  in Table VII. It is apparent that with serum 
R1834, it required well over 100 times as much Ea or Ca to neutralize passive 
transfer as it did  to precipitate  all  their respective  antibodies.  Ovomucoid in 
amounts identical to those of conalbumin at best reduced passive transfer only 
moderately, and several times as much Ea as Ca was required for comparable 
degrees of neutralization. These findings are generally consistent with the previ- 
ously described (Table II) relative efficiencies of these antigens in eliciting skin 
reactions in sites sensitized with this serum? 
With a serum having weaker passive transfer it can be shown that less excess 
antigen is required  to effect neutralization.  This is illustrated  with R2031+2 in 
TABLE VIII 
Neutralization of Passive Transfer by R2031+~ with Excess Antigen 
Specific  antibody 
pptns.* 
Further  antigen  addi- 
tions  to  supernates 
from  above  specific 
antibody pptns.* 
25 
Sensitization: 0.05 ml. of material diluted 1:2 with respect 
to untreated R2031+2 
Serum and egg albumin  Serum and conalbumin 
Antigen addition 
per ml. R2031-~ 
#g.  EaN,  which 
pptd.  all anti-Ea at 
point  of  maximum 
pptn. 
18 ~g. EaN 
180  "  " 
Reaction 
elicited with 
10 #g. EW 
protein N 
++ 
+ 
4- 
Antigen addition 
per ml. R2031+2 
0.75 ~g. CaN, 
which  pptd. 
all anti-Ca 
0.80 ug. CaN 
21  "  " 
Reaction 
elicited with 
10 ~g. EW 
protein N 
++ 
4- 
4- 
* See explanations in Table VII. 
Table  VIII,  in  which  almost  complete  neutralization  was  obtained  with  8 
times  as much Ea as was necessary for precipitating  all  the  anti-Ea  and by 
only twice the amount of Ca as was necessary to precipitate  all the anti-Ca. 
One would expect  that by virtue of a  coincidence of exactly the right ratios 
between  the  amounts  of  the  different  antigen-antibody  systems  involved,  a 
serum could be found in which it would be possible to effect complete neutrali- 
zation of passive transfer by the same amount of Ea that completely precipi- 
tates  anti-Ea.  Sherman et al.  (:7) may possibly have dealt with such a  serum 
when  they  described  passive  transfer  neutralization  simultaneously  with 
maximum anti-Ea precipitation. 
a Though EW was less potent than Ca in elicifing reactions in sites sensitized with serum 
R1834, it was more potent in neutralizing the serum. Since the former technic involves the 
use of progressively smaller quantities  of antigen and the latter involves progressively larger 
quantities,  it is possible that these end-points measured different antigen-antibody  systems. JOHN  H.  VAUGHAN AND  ELVIN  A.  KABAT  835 
Rdation of Preparations of Non-Precipitating A nti-Ea to Passive Transfer.-- 
One first course serum from each  of  the  three  groups of rabbits was chosen 
for  serial  absorption  (8,  9,  12)  of  anti-Ea precipitins. R1781_8  and  R2031+2 
had weak passive transfer activity to Ea, while R197x-3 had none. 
To I0 ml. portions of R178t-3 were added 11 successive 50 #g. amounts of EaN until no 
further precipitation occurred; to R2031+2 were added 10 successive 10 #g. amounts of EaN 
and to R1971.3 were added 9 successive 10/~g. amounts of EaN, after which no further pre- 
cipitations occurred. The non-precipitating anti-Ea contents of these sera were then shown 
to be 0.068 mg. AbN/ml., 0.036 rag. AbN/ml., and 0.035 mg. AbN/ml., respectively, by 
their abilities to add specific nitrogen when an Ea-anti-Ea precipitate was formed by addi- 
tion of fresh antibody and antigen (8, of. 28). As indicated in Table IX, the passive transfer 
capacities  of  these  preparations  had  no relationship  to  the  amounts of non-precipitating 
anti-Ea present.  R1971-sA, with as much non-precipitating  anti-Ea as  R203t+~,  had  no 
TABLE IX 
Anti-Egg Albumin Contents and Passive Transfer of Unabsorbed and Serially Absorbed Sera 
Unabsorbed sera 
R1781~ 
R2031+s 
R1971~ 
Wheal and erythema 
reactions elicited in 
Serum  sites sensitized  with 
No.  Anti-Ea  0.05 ml. of material 
content  when tested with 
Img.AbN/ml. 
1.04 
O. 210 
O. 186 
10 #g. EW 
10EaN#g.  protein N 
-4-  ++ 
+±  i+++ 
Serum 
No. 
RI781.~A 
R2031+~A 
R1971_aA 
Serially absorbed sera 
Anti-Ea 
content 
mg.AbN/mL 
0.068 
0.036 
0.035 
Wheal and erythema re- 
actions elicited in sites 
sensitized  with 0.05 ml. of 
material when tested with 
10 ~g. EW 
10 #g. EaN  protein N 
+  ++ 
+  +++ 
m 
sensitizing  activity  to  either  Ea  or  EW,  while R2031+~A had  the  greatest  activity; 
and RI781.3A, which had the largest  amount of anti-Ea, stood intermediate  between the 
other two. 
Table X  illustrates the  relative effects  of  removing the  non-precipitating 
anti-Ea and of removing antibody other than anti-Ea from R2031+2A. 
It is evident  that, as shown by Sherman a  aL  (7), a preparation  of non-precipitating 
anti-Ea (R2031+~A) had the same passive transfer capacity as the original serum (R2031+2). 
However, upon removal of the remaining non-precipitating anti-Ea, there was no decrease in 
passive transfer capacity, but rather a slight increase, which can probably be attributed to 
the slight activity associated with the serum, R171~-6, (of. control, Table X) used to absorb 
the non-precipitating anti-Ea. On the other hand, removal of the small amount (8 ~ug. spe- 
cific precipitate  N/2.0 ml.) of anti-Ca from R2031+~A, completely obliterated  the passive 
transfer,  though in this absorption only 1/9 the amount of antibody was removed as had 
been removed during coprecipitation of the anti-Ea. 
Further evidence for the presence of antibodies other than anti-Ea in both 
R2031+,A,  the  serially  absorbed  preparation  containing  non-precipitating 836  SENSITIZATION  OF  SKIN  BY  ANTIBODIES  IN  ANTISERA 
anti-Ea,  and  R2031+~B, that  from which  the  non-precipitating  anti-Ea  had 
been removed by absorption,  is  seen in  the two definite  bands  obtained  in 
the agar diffusion analyses of these preparations (Table X).  4 
TABLE X 
Relation of Passive Transfer to Non-Precipitating A nti-Egg Albumin 
Description of 
material 
Original  serum  diluted 
1:3.12 
Designation 
R203t+~ 
Anti-Ea content 
0.210 mg. anti-Ea 
N/m1. 
Original serum absorbed by 
10  successive  Ea  addi- 
tions  after  which  Ea 
failed  to  give  further 
pptn. 
R203x+~A from which non- 
pptg.  anti-Ea  had  been 
removed with 0. 560 mg. 
specific  ppt. N  from 0.5 
ml. of R1714_6 
Supernate after pptg. 0.560 
mg. specific ppt. N  from 
R1714_s  in  absence  of 
R2031+2A 
Two successive 1 #g. addi- 
tions of  Ca  to  2  ml.  of 
R2031+~A;  8  ~g.  specific 
ppt.  N  obtained on  1st 
addn., none on 2nd 
R2031+~ 
R2031+tB 
Control 
R2031+2C 
0.035  mg./mi,  of 
non-pptg,  anti- 
EaN 
No anti-EaN 
No anti-EaN 
0.035  mg./ml,  of 
non-pptg,  anti- 
EaN 
Reactions 
elicited by 
10 #g. EW* in 
sites sensitized 
with 0.05 mL 
of material di- 
luted 1:3.12 
with respect 
to R203x.~ 
+++ 
+++ 
+++ 
:t: 
No. of bands 
~oduccd by 
(0.818 rag. 
protein N/mI.) 
diffusing 
through  mate- 
rial  m  agar 
Not done 
* Reactions  with Ea were so weak that they could not be carried out with this  serum 
(of.  Table IX). 
The  Possible Role  of Other Non-Precipitating  Antibodies.--The  possibility 
was considered  that non-precipitating antibody to Ca, Ovo, or Lyso was skin- 
4  That  the two bands found in R2031+~B do not represent solely trace antibodies con- 
tributed by the serum R171,-e used to provide precipitin is indicated by the very much slower 
migration of the bands in R203t+~B than in the control, indicating a higher concentration of 
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sensitizing.  Since  the  amount  of  non-precipitating  antibody  that  can  be 
brought down on a specific precipitate is considerably less than the amount of 
precipitin  used  to  produce  the  precipitate  (cf.  28),  it  is possible  that  non- 
precipitating  antibody would  have  been  left  in  solution  in  the  absorption 
studies indicated in Table V, if the serum studied had had originally a  larger 
amount of non-precipitating  than precipitating antibody;  and the persistent 
activity of  the  supernatant  could  be  thus  explained.  In  the  sera  in  which 
purified preparations were more potent than crude egg white in eliciting the 
skin reactions (i.e. Ca and Ovo with serum R1834 and Lyso with serum R1874_6, 
Tables II and III) it was felt that such an hypothesis might possibly be ap- 
plicable, but that it did not seem pertinent in those instances where crude egg 
TABLE XI 
Non-Identily of Non-Precipltating Anti-Conalburain with Sensitizing Antibody 
R1834 prevl- 
ously com- 
pletely ab- 
sorbed of 
anti-Ca pre- 
cipitin by 
addition 
of 3#g. 
CaN/ml. 
serunl 
ml. 
1.0 
1.0 
Pooled 
normal 
rabbit 
serum 
ml. 
1.0 
nti-Ca 
;eruli1 
t2251~ 
ml, 
0.5 
0.5 
CaN 
addi- 
tion 
~g. 
4O 
40 
0 
Supernatant 
pec/1  test for 
,pt. ]  excess 
__  Ah 
184 
0  ' 
Intensity of the wheal and flare reaction 
elicited by 10 #g. EW protein N  in sites 
sensitized with 0.05 mL of the super- 
natant to which the indicated quantities 
of CaN/ml. had been added (final 
dilution 1:6) 
0 #g. 
++ 
40 ~g. 
++ 
+-4- 
240 #g. 
+± 
840 ~g. 
+ 
+ 
244O 
#g. 
-4- 
white was found to be more potent as the skin test antigen than the purified 
protein preparations. Even in the three instances cited, however, this hypothesis 
seemed unlikely since very large quantities of Ca and Ovo were needed to neu- 
tralize serum R1834 (Table VII) and in another experiment very large amounts 
of Lyso were needed to neutralize serum R187~_e. Unless one makes the improb- 
able  assumption  that  combination  of  antigen  with  sensitizing  antibody  is 
effected only by a great excess of antigen, these values would require that there 
be enormous quantities of non-precipitating antibody in these sera. 
The availability of a  strongly precipitating anti-Ca serum  made it possible 
to obtain by coprecipitation technics direct evidence against the presence of 
non-precipitating anti-Ca in serum R1834. 
As indicated  in Table XI, 40/~g. quantities  of CaN brought down the same amount of 
specific  precipitate  N  from a mixture of 0.5 ml. of an anti-Ca serum in 1.0  mL of  previously 
absorbed R1834 as from 0.5 ml. of the same anti-Ca serum in 1.0 mi. of a pool of normal 
rabbit serum. Clearly no measurable amount of non-precipitating  anti-Ca had been present 
in R1834. The supematants from both precipitates  showed excess  antigen and the procedure 838  SENSITIZATION  O~"  SKIN  BY  ANTIBODIES  IN  ANTISERA 
resulted in no reduction of the skin-sensitizing capacity of R18&, as judged by the addi- 
tional amount of Ca needed for neutralization of the supernatants. 
Strong anti-Ovo and  anti-Lyso sera were not available for similar studies 
with these antigens. 
DISCUSSION 
The  present  study  clearly  establishes  that  the  ability  of  rabbit  antioEa 
sera  to induce passive sensitivity of human  skin  does not depend upon  the 
Ea-anti-Ea  system.  Not  only  is  there  no  correlation  between  the  anti-Ea 
contents of the various antisera and their abilities to sensitize (cf.  7), but also 
it has been possible to demonstrate with several sera complete absorption of 
anti-Ea with no detectable loss in passive transfer (Table IV).  Furthermore, 
crystalline Ea has proven a  relatively inefficient antigen in eliciting reactions 
at sensitized skin sites. Whole egg white has been considerably more potent, 
and  anti-Ea  sera have been found in  which  each of the  other purified egg 
white  proteins,  conalbumin,  ovomucoid,  and  lysozyme,  have  also  proven 
more potent than was Ea. 
On the basis of these differences in the abilities of the egg white proteins to 
elicit positive reactions in sensitized skin sites,  it has been possible to define 
two distinct types of sensitizing antisera (cf.  Table III).  In one of these, as 
shown best with R1824,  R1834,  and R132,  conalbumin and ovomucoid were 
highly efficient in eliciting skin reactions and were approximately as potent 
as  whole  egg white.  In  the  other  type,  represented by R1784+6 and  R135, 
whole egg white was distinctly more potent than any of the four purified egg 
white proteins. It is suggested that these two patterns reflect the operation of 
two distinct immune systems, the antibodies of the one or the other system 
being predominant in  the sera of a  given pattern,  and that  the pattern pre- 
sented by R187~6, which has mixed characteristics, either may be due to the 
presence within one serum of nearly equal amounts of the two antibodies or 
may represent a third system. 
The appearance  in anti-Ea  sera of antibodies  to egg white proteins other 
than Ea has been demonstrated by previous workers by a variety of technics 
(13, 14). Cohn, Wetter, and Deutsch (13) used very large quantities of purified 
antigen (200 mg.  Ea)  for immunization, while Munoz and Becker (14)  used 
the  Freund  adjuvant method for immunization,  both  of which  may be ex- 
pected to provoke a  maximal antibody response to trace impurities,  so that 
the  detection of such  antibodies  would  be much  less  difficult, even though 
less sensitive technics than the precipitin method described above were used. 
In  the  present  study,  antibodies  to  impurities  were  demonstrable  by  this 
method even when the rabbits had received minimal quantities of antigen for 
immunization, and indeed quantities which were so small that hitherto they 
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With the help of the described method of analyzing for antibodies against 
impurities, it has been possible to exclude also anti-Ca,  anti-Ovo, and anti- 
Lyso precipitins from the list of possible participants in the allergic skin re- 
actions. That Ea, Ca, Ovo, and Lyso themselves contain common impurities 
which are involved in the skin reactions is indicated not only by the antigen 
titration studies, which showed that each of these preparations had a  certain 
ability to  elicit  the  reaction,  but  also  by  the  neutralization studies,  which 
showed that when amounts of these purified proteins presumably large enough 
to bring their impurities to significant concentrations were premixed with a 
serum, they were capable of neutralizing the passive transfer of the serum. 
The report by Miller and Campbell (37)  that many individuals with natu- 
rally occurring egg sensitivity react to more than one purified egg white pro- 
rein and that others fail to react to purified preparations but do so to whole 
egg white may be interpreted in the light of the present findings. Their sus- 
picion that egg white includes materials inducing wheal and flare reactions and 
not yet physico-chemically described is supported by the present observations 
and is also consistent with the reports by Kaminski  and  Ouchterlony  (47) 
and by Wetter,  Cohn, and Deutsch  (38),  which showed that a large propor- 
tion of the total antibody response in rabbit anti-EW sera could be  to  EW 
constituents other than Ea, Ca, Ovo, and  Lyso. Even in those  instances in 
which  purified  egg white  proteins  were  found  to elicit  reactions more  effi- 
ciently  than whole  egg white, it  is  possible  that  impurities  in  the  purified 
preparations may have been the active antigens, for the purification processes 
may well have resulted in the  fortuitous enrichment of other egg white con- 
stituents as well as the main antigen. Such seems to  have been  the  case  in 
the present study, for instance, with serum R1834 (Tables II and III) in which 
crystalline Ca was more efficient than EW in eliciting a positive reaction, but 
in which the removal of anti-Ca (Tables V and XI)  failed to reduce demon- 
strably the passive transfer capacity of the serum, and with R1874_e (Table III) 
in which crystalline Lyso was more efficient than EW, but in which no anti- 
Lyso precipitin was demonstrable (Tables I B and V). 
Though  the  immune  system  responsible  for passive  transfer  by  a  given 
rabbit serum is distinct from the Ea-anti-Ea system, it is to be expected that 
in the process of absorbing anti-Ea from a serum a certain amount of the skin- 
sensitizing antibody of the serum will simultaneously be  neutralized by the 
small amount of its antigen present as an impurity in crystalline Ea. In the case 
of  strong  sera  containing  relatively large  amounts  of  skin-sensitizing  anti- 
body, the amount of this neutralization will be small in proportion to the total 
sensitizing antibody in the serum and the loss may not be detectable in a dilu- 
tion method of antibody assay. In sera with weak passive transfer but similar 
anti-Ea  contents,  however,  the  extent  of  neutralization  of  skin-sensitizing 
antibody accompanying the anti-Ea absorption may represent a large propor- 840  SENSITIZATION OF  SKIN  BY  ANTIBODIES  IN  ANTISERA 
tion of the total and the titration studies may then show the loss quite well. 
Thus  serum  R1834 had  strong  sensitizing  activity  which  was  apparently 
unaffected by  the  addition of enough Ea  to bring about  complete anti-Ea 
absorption  and which was  incompletely neutralized by even  150  times this 
amount of Ea  (Table VII).  Serum R2031+2, on the other hand, required for 
almost complete neutralization only 8 times as much Ea as was necessary to 
precipitate all anti-Ea, and Sherman et al.  (7)  have described a serum (R14 in 
their series)  in which neutralization was obtained with the same amount of 
Ea as was required for total anti-Ea precipitation. It was this observation (7) 
made upon a sertim that was among the weakest of all those in their series with 
passive transfer activity, that led them to the conclusion that the passive trans- 
fer was mediated through  the  Ea-anti-Ea  system. With stronger sera  (e.g. 
Rll  and R15),  however, they could detect no loss of passive transfer when 
over 90 per cent of the total anti-Ea was removed in a  single precipitation. 
Their  assumption  that  the  major  portion  of  non-precipitating  anti-Ea  re- 
mained in solution during these latter absorptions was not supported by any 
experimental data. 
Observations on the sensitizing activities of preparations of non-precipitating 
anti-Ea prepared in the present study make it plain that in such absorbed sera 
one may expect to find antibodies to numerous egg white proteins other than 
Ea and that these antibodies persist along with passive transfer activity after 
removal  of  the  non-precipitating  anti-Ea.  Furthermore,  among  samples  of 
non-precipitating anti-Ea from three different sera  there was no correlation 
between the concentrations of non-precipitating anti-Ea and the abilities of 
the  three  preparations  to  sensitize,  and  from  one  of  them  the  sensitizing 
ability could be removed without changing the anti-Ea content. 
That the sensitizing antibody was not the same as the antibody associated 
with the slow moving agar diffusion band, which was such a  conspicuous part 
of the antibody content of these anti-Ea sera (cf.  Table I) was indicated by the 
wide discrepancies noted between the sensitizing powers of the various sera 
and their concentrations of this antibody, as indicated by their agar diffusion 
analyses. 
Though it has been possible to demonstrate with reasonable certainty that 
anti-Ea and in particular non-precipitating anti-Ea is not involved in passive 
transfer,  it has not been possible  to  determine whether the true skin-sensi- 
tizing antibodies are or are not non-precipitating. On the other hand, the evi- 
dence that in any antigen-antibody system a skin-sensitizing antibody is neces- 
sarily non-precipitating is also  incomplete,  for few of the  antigens used  in 
studying such systems have been obtained sufficiently pure to make it possible 
to obtain the data necessary for such a critical evaluation. 
Kuhns and Pappenheimer (39) have studied the skin-sensitizing properties 
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jections of highly purified diphtheria"  toxoid.  These workers clearly demon- 
strated  in  the sera of some individuals  the appearance of non-precipitating 
antitoxin and also in a proportion of the sera the capacity to induce in normal 
human  skin  an  immediate  type of sensitivity  to  a  subsequent injection  of 
toxoid. They concluded that the sensitization was effected by the non-precipi- 
tating  antitoxin.  This  conclusion,  however, was in part based upon  the as- 
sumptions  that  anamnestic  antibody responses  to impurities  in  their  toxoid 
would be insignificant  and  that  the  small  amount  of antigen  (0.05 /~g. N) 
used  as  routine  to  elicit  their  passive transfer  reactions  made unlikely the 
participation of other antigen-antibody systems which might have been pres- 
ent as impurities.  However, a  number of impurities  in  such highly purified 
diphtheria  toxoid have been demonstrated  by several workers (15-17),  who 
observed numerous  lines  in agar  diffusion  of  concentrated  solutions  of  the 
toxoid with concentrated antitoxin,  and it is evident from Tables II and III 
in  the present  study that  skin reactivity attributable  to  antigen  impurities 
reacting  with  their  corresponding  antibodies  in  anti-Ea  sera occurred  with 
amounts of antigen  well below those used by Kuhns  and  Pappenheimer  for 
routine testing (0.05/~g.  N) and of the same order of magnitude as the least 
effective quantity of antigen reported by them (0.0005 #g. N  in reference  39, 
Table IV, p. 379). Kuhns and Pappenheimer did not attempt to demonstrate 
the effect on skin sensitivity of absorbing the non-precipitating antitoxin from 
any of their skin-sensitizing  sera. While it is true that in one instance neutrali- 
zation  of skin-sensitizing  activity coincided  with neutralization  of antitoxin 
by toxoid, definitive proof that this was not coincidence would require testing 
a considerable  number of such antitoxic skin-sensitizing  sera. s Definite evidence 
was presented  to  show that  there  was skin-sensitizing  antibody other  than 
antitoxin in one of their sera,  but they felt that the amount of reactivity at- 
tributable to this antibody was insignificant,  since on an equal weight basis the 
purified  toxoid was  considerably  more potent  in  eliciting  reactions  than  a 
preparation of bacterial products (P-protein) essentially lacking the toxoid. This 
argument neglects the possibility that P-protein, as prepared, may have been de- 
ficient in bacterial products other than toxoid and also that other proteins pres- 
ent in small amounts in the crude starting material may have been fortuitously 
enriched  during  purification of the toxoid.  A circumstance of the latter sort 
was apparently encountered in  the present  study on two different occasions 
(cf.  p.  839).  Thus it would seem that  further study is required to  determine 
whether skin sensitivity to toxoid is definitively associated with non-precipitat- 
ing antitoxin or is caused by some unrelated antigen-antibody system. 
6 Dr.  Pappenheimer informs us that a  second  serum, not reported  in their paper,  also 
appeared to exhibit neutralization of skin-sensitizing capacity simultaneously with antitoxin 
neutralization. In our opinion, this is their strongest argument to support their belief that 
non-precipitating antitoxin is skin-sensitizing. 842  SENSITIZATION OF  SKIN  BY  ANTIBODIES  IN  ANTISERA 
The present study should serve to emphasize the need for the application of 
as many technics as possible for the characterization and study of the  anti- 
bodies in a given antiserum. Thus, it is no longer sound to inject a crystalline 
protein in massive or even in minute dosage and to assume, without direct evi- 
dence, that the only antibody formed has been to the major constituent of the 
injected material  and  that  any manifestations of biological activity of  the 
serum (e.g.  skin sensitization) is to be attributed to this constituent. The extra- 
ordinary capacity of minute traces of various proteins to stimulate appreciable 
antibody responses (Table I) should emphasize the need to use relatively small 
quantities of  the  antigen under  investigation to  reduce  to  a  minimum the 
possibility of antibody formation to contaminating antigens. Even this pro- 
cedure, however, must not be relied upon exclusively, and the absence of anti- 
bodies to other antigens must be established by technics such as those employed 
above. 
It is apparent that when appropriate immunization schedules are used, so 
that the antibody response to impurity is small as compared to the antibody 
response  to  the  major  antigen,  the  trace  antibodies will  contribute  only a 
relatively small error in analyses of sera for antibody nitrogen to the major 
antigen and conversely use of such sera for the quantitative estimation of the 
major antigen (40-45, cf.  also 28) would likewise generally involve only a small 
error. It would be preferable in future studies, however, to absorb the antisera 
with any available purified proteins with which the antigen under investigation 
might have been contaminated in order to render them as specific as possible. 
The use of minute quantities of purified preparations of these contaminating 
proteins to effect such absorptions ensures that whatever small amount of the 
major antigen may in turn contaminate these purified preparations will not be 
large enough to allow the formation of sufficient major antigen-antibody com- 
pound to exceed its solubility level. By thus avoiding the simultaneous precipi- 
tation of two antigen-antibody systems the ready detection of the completeness 
of absorption of a given trace antibody should be made possible. 
It is evident that egg white contains unidentified antigens, the isolation and 
purification of which are essential to the complete elimination of uncertainties 
at present unavoidable in the quantitative immunochemical estimation of egg 
white antibodies and antigens. 
SUMMARY  AND CONCLUSIONS 
The capacity of rabbit anti-egg albumin sera to sensitize  human  skin has 
been studied. 
It  has been shown that passive transfer  by these  sera  is  completely unrelated 
to the egg albumin-anti-egg  albumin system, as demonstrated by a failure  of 
passive transfer  by some antisera  containing ample anti-egg  albumin and per- 
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had been removed by precipitation  with homologous antigen.  Three prepara- 
tions of non-precipitating anti-egg albumin have been shown to have sensitizing 
capacities which bear no relation  to their  non-precipitating  anti-egg  albumin 
contents. From a portion of one of these the non-precipitating anti-egg albumin 
was removed without impairing its sensitizing ability, while in another portion 
obliteration  of  the  sensitizing  capacity  was  accomplished  without  reducing 
the anti-egg albumin. 
Evidence is presented to show that there are at least two possible antibodies 
in anti-egg albumin sera which are capable of inducing skin sensitivity and that 
they  are  antibodies  against  egg white  impurities  in  crystalline  egg albumin 
other  than  anti-conalbumin,  anti-ovomucoid,  and  anti-lysozyme. 
The usefulness of a  suitable quantitative  precipitin  technic for the analysis 
for antibodies against antigen impurities and for their selective absorption from 
sera  is  illustrated.  The  principle  governing  the  procedure  is described.  The 
technic allows for the determination of a given trace antibody by working with 
such small concentrations  of its purified specific antigen  that  whatever other 
antigen-antibody compounds are formed simultaneously with that to be deter- 
mined will be below their solubility levels and consequently will not contribute 
appreciably to the precipitate. 
The authors wish to express their appreciation to Dr. Robert C. Warner who provided 
the purified protein preparations that made much of this study possible. 
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